The biology of snail-killing flies (Diptera: Sciomyzidae) has been studied intensively over the past half-century, especially over the past decade. Today, sciomyzids are biologically the best-known group of higher Diptera. The overarching research objectives are evaluation of sciomyzids as biocontrols of disease-carrying or agriculturally important snails and slugs and as a paradigm group for the study of the evolution of diverse feeding and associated behaviors in flies. We present reviews and analyses of some key features of particular scientific and societal interest, including behavioral and phenological groups; laboratory experimental studies on behavior and development; population biology, bioindicators, ecosystem service provision, and conservation; phylogenetics, molecular studies, and evolutionary biology; and biocontrol. 
INTRODUCTION
With life cycles known for 240 of 540 species in 41 of 61 genera, and immature stages described for 176 species in 39 genera, the Sciomyzidae are, from those aspects, the most thoroughly studied family of Acalyptratae. We suggest that Sciomyzidae are emerging as a richer knowledge base for broad evolutionary studies, especially of larval feeding behavior and associated adaptations, than are larger but lesser-known families of higher Diptera; some outstanding research needs in this regard are noted herein. (Supplemental figures, a film, tables, and text provide further information relating to sections of this chapter. See Supplemental Text 1 for a rationale for use of Sciomyzidae as a resource for the study of the evolution of life cycle strategies; follow the Supplemental Material link from the Annual Reviews home page at http://www.annualreviews.org. ) Sciomyzidae are of particular interest in regard to the feeding behavior and hosts/prey of the larvae and associated behavioral and morphological adaptations throughout the life cycle (Supplemental Figures 1 and 2) . All known larvae are obligate natural enemies of Mollusca, except for three killers of freshwater Oligochaeta. Larvae range from overt rapacious predators of freshwater snails (Supplemental Film 1) to covert, intimately associated, insidious parasitoids of terrestrial snails or aestivating freshwater snails (one larva per snail, one snail per larva). Many species behave variably as predators, parasitoids, or saprophages during their development, depending, for example, on relative sizes of larvae and snails, intraspecific competition, age of larvae, and microhabitat condition.
In 1850 in France, Perris (98) first reared an adult sciomyzid from a larva found in a terrestrial snail; he did not know whether the snail was dead or alive when he collected it. For 100 years, most authors described sciomyzid larvae as general saprophages until, a continent away and a century later, in 1950 in Alaska, Berg (18) first proved the obligate snail-killing behavior of six species in five genera. Berg and 16 graduate students at Cornell University subsequently pursued life cycle studies and descriptions of immature stages worldwide as well as studies on populations, physiology, natural enemies, and other aspects. Soon after the initial studies (e.g., 21) began, a closely knit international coterie of researchers developed. With the resurgence of interest in Sciomyzidae during the past decade, the current directory of sciomyzid enthusiasts (http://www.sciomyzidae.info/news.php) now lists 89 persons in 32 countries.
Basic resources for researchers are a nearly complete, alphabetical, serially numbered bibliography of 3,000+ publications on Sciomyzidae (ScioBiblio), upon which are based the citations in a Cornucopia, a new format for tabulating information-a table of nine key features for each of the known species of Sciomyzidae, with ScioBiblio numbers for publications documenting these features. Both resources are available on the Sciomyzidae Web site (Sciomyzidae.info, http://www.sciomyzidae.info/news.php) and are updated from time to time. Supplemental Table 1 is a summary, by major zoogeographic region, of numbers of genera and species, extent of life cycle knowledge, and availability of descriptions of immature stages.
DISTRIBUTION AND ZOOGEOGRAPHY
A wealth of data on the geographical distribution of sciomyzids, including tables and maps, has been published. Distribution of genera and species by major regions has been presented (101) and updated (67) . Species distributions are best known for the Palearctic (by countries, 102) and Nearctic (by state/province, 62), whereas distribution of Oriental species is least known (see Supplemental Table 2 ). Species distributions closely follow classical delimitations of major zoogeographic regions. Except for 28 Holarctic species in six genera, few species are broadly shared with adjacent regions, and few are even slightly adventive from one region into adjacent regions.
HOSTS/PREY
Sciomyzidae are the only dipteran family whose larvae are almost exclusively obligate killers of molluscs; a few other families include some obligate or opportunistic snail or slug killers. Of the eight families of Sciomyzoidea (sensu McAlpine, 80) , all are saprophagous, coprophagous, fungivorous, or microflora grazers except for one dryomyzid that feeds on barnacles and some helosciomyzids that prey on ants.
Of the 240 reared species of the 540 valid species of Sciomyzidae, only 3 species, all Afrotropical, are not strictly malacophagous: Sepedonella nana and Sepedon knutsoni, which prey on freshwater oligochaetes, and Sepedon ruficeps, facultative on snails or oligochaetes. One species of the sister group Phaeomyiidae (subfamily Phaeomyiinae of Sciomyzidae in earlier classifications) is the only fly documented as a parasitoid of millipedes (4, 5) .
Most sciomyzids are restricted to nonoperculate (pulmonate) freshwater, semiterrestrial (Succineidae), or terrestrial snails. A few species attack brackish or freshwater operculate (prosobranch) snails, one attacks marine coastal strandline Littorina, five attack only slugs, nine are restricted at least during early larval life to eggs of freshwater and semiterrestrial snails, and six species in three genera are the only Insecta proven to be natural enemies of bivalve Mollusca (Sphaeriidae). None is cannibalistic.
Supplemental Table 3 lists 56 natural prey species (field records) in 43 genera of aquatic, terrestrial, and semiterrestrial gastropods representing 21 families. The natural prey of most of the many freshwater predators (all Tetanocerini) are unknown, as these larvae feed only until satiated and then leave the prey to rest before killing additional snails. The natural prey of only 11 such species have been documented (84) . The most polyphagous is the Holarctic Tetanocera ferruginea, recorded to consume nine snail species in seven genera. Although freshwater predators kill most snails offered to them during laboratory rearings, their natural prey probably are more limited. Terrestrial parasitoids, restricted to one or a few genera of gastropods, are generally more host specific than are predators.
The natural hosts/prey of larvae of many terrestrial or semiterrestrial parasitoids and predators of the tribe Sciomyzini are better known than those of the Tetanocerini because (a) many Sciomyzini attack snails exposed in aquatic-terrestrial ecotone (shoreline) situations and thus are more easily collected, (b) such larvae remain feeding, often saprophagously, in the snail long after it has died, and (c) many Sciomyzini pupariate in the snail shell. Such infested shells are collected more easily than are freshwater snails with larvae feeding in them (Supplemental Table 4 ).
During laboratory rearings, one of the Palearctic Sciomyzini shoreline predator/ parasitoid/saprophages, Pherbellia dorsata, killed and fed on 28 snail species in 20 genera, more than recorded for any other sciomyzid, although it was found only in the freshwater Planorbis planorbis in extensive collections in a well-studied habitat in nature (22). In the laboratory, larvae of some freshwater Tetanocerini, with morphological features such as elongate segment 12, elongate interspiracular processes, and elongate posterior spiracular disk lobes, obviously adapted to an aquatic existence (24, 122), readily kill and feed on terrestrial snails; e.g., the Palearctic Pherbina coryleti consumed terrestrial snails of five species in four genera (65) .
Sciomyzid life cycle and biocontrol studies are deficient in prey-choice experiments. Most sciomyzid larvae recalcitrant to laboratory rearing generally have not been offered nonmolluscan food. However, the extensively studied (e.g., 92, 93) Nearctic Sepedon fuscipennis, a surface predator of nonoperculate freshwater snails in calm waters, was reared from hatching to maturity on a diet consisting solely of limpets (Ancylidae) (93) . These cone-shaped gastropods are common in streams (which are not S. fuscipennis microhabitats), where they adhere to riffle stones and feed by scraping biofilm. The aggressive larvae squeezed under the adhered shell and "flipped the limpet over for feeding."
Many sciomyzids have been characterized as feeding on freshwater snails stranded on, foraging at, or migrating through shoreline situations. Taxonomic-ecological-behavioral analyses are needed of the snail and fly members of this major complex of hosts/prey of sciomyzid larvae in terms of diel, seasonal, climatic, and other factors. Such information might be useful, especially in selecting biocontrols of fluke-transmitting snails not in open water, i.e., aestivating, migrating, or stranded; such individuals are not susceptible to molluscicides.
The historical lack of joint research by entomologists and malacologists on sciomyzid larvae and their hosts/prey is a deficiency from theoretical and practical viewpoints. A theoretical perspective in regard to biocontrol possibilities from the viewpoint of malacologists has been provided (1, 7). Barker et al. (7) mapped a cladogram of sciomyzid genera onto a cladogram of potential molluscan prey (Supplemental Figure 3) and examined the pattern of prey diversification. They concluded that "the considerable number of molluscan clades not utilized as prey indicates the ecological conservatism of Sciomyzidae" and that operculate snails are strongly underrepresented as prey. Major categories of hosts/prey have been mapped above the cladogram of genera of Sciomyzidae (67) . These considerations are further discussed below.
Uni-, bi-, or multivoltine: one, two, or several generations per year
LIFE CYCLES, LARVAL FEEDING BEHAVIOR, AND ASSOCIATED ADAPTATIONS
Life cycles, larval feeding behavior, and associated morphological, microhabitat, and phenological adaptations essential to evolutionary and biocontrol aspects continue as focal points of Sciomyzidae research. Over the past 50 years, information on the sciomyzid life cycle has been presented in over 100 publications on 240 species in 41 genera, for all major regions (see "A Cornucopia for Sciomyzidae and Phaeomyiidae" at http://www.sciomyzidae.info/downloads.php?cat_id=1). Many ecological equivalents exist among regions, but some of these species show a multitude of special adaptations. Classification of Behavioral Groups, based on hosts/prey, feeding behavior, and microhabitats of larvae, has been used extensively to capture the essence and broad range of sciomyzid behaviors. Earlier reviews (21, 37, 48) recognized 7 or 8 groups on the basis of these descriptors, but Barker et al. (7), who included morphology of immatures as a descriptor, recognized 9 groups, whereas Knutson & Vala (67) , who excluded morphology, recognized 15 groups (Supplemental Text 2 depicts the classification as of 2011, with examples of species and genera). The diverse feeding behavior of Sciomyzidae and the coevolved behavioral and morphological adaptations throughout the life cycles suggest further refinement of behavioral or ecomorphological groups. Considering the many characters and character states, correspondence analyses or some numerical taxonomic or other analytic procedures probably would be useful. Here we take the opposite tack and simplify discussion to examples of the three extremes in feeding behavior: parasitoid, mixed parasitoid/predator/saprophage, and predation.
Sciomyzid life cycles have been elucidated either (a) by beginning with a collection of larvae and/or puparia (occasionally in snails) in nature, indicating microhabitats and potential hosts/prey for laboratory rearings, or (b) by beginning laboratory rearings with field-collected adults, obtaining eggs, and offering neonates various hosts/prey, the results indicating where to look in nature. The morphology of larvae and puparia often indicates whether the species is aquatic or terrestrial, also helping direct field collections. Rearing methods are described in many life cycle publications and are summarized in Reference 67.
Parasitoid Behavior
The best studied of the highly parasitoid species (all in Sciomyzini) are the Nearctic Sciomyza varia and its almost exact ecological equivalent, the Palearctic Colobaea bifasciella; the Nearctic Sciomyza aristalis; the Nearctic and Palearctic subspecies of Pherbellia schoenherri; the Palearctic Tetanura pallidiventris; and the Nearctic Oidematops ferrugineus. Some Sciomyzini and Tetanocerini with partially similar parasitoid behaviors are placed in three parasitoid groups in the most recent Behavioral Group classification (see Supplemental Text 2). The best-studied example is the uncommon, univoltine S. varia (11, 19), which Barnes (11) characterized as having "one of the most fully developed suites of specialized habits found in the Sciomyzidae, including parasitoid feeding, host specificity, oviposition on the shell, solitary life in a single host, and completion of larval and pupal life in the host shell." The strategy of this group seems to be one snail per larva and one larva per snail. Although several eggs are sometimes laid on one snail, only one larva survives. Unlike some true parasitoid sciomyzid larvae, in which the first instar penetrates far into the snail between the shell and mantle and is deprived of outside air, first-instar larvae of S. varia penetrate until only their posterior spiracles are exposed at the edge of the snail's peristomal collar.
Barnes (11) provided the only thorough analysis of the sequence of snail organ destruction by a sciomyzid, dissecting snails after they had been fed upon by first, second, and third instars of S. varia. Host snails died 5-14 days after eggs were laid on them; larvae pupariated 6-14 days after entering snails. Host individuals of an amazingly broad size range were utilized. The shell-free www.annualreviews.org • Snail-Killing Sciomyzidae Fliesdry weight of tissue available in field-collected snail shells 7.0-19.8 mm long, from which S. varia adults were reared, was calculated as 1.6-40.4 mg (11). Small snails produced small flies. Adults ranged in size (body length) from 3.6 to 6.5 mm.
Mixed Parasitoid/Predator/Saprophage Behavior
The widely distributed Nearctic Atrichomelina pubera is an abundant, multivoltine, non-hostspecific, opportunistic parasitoid/predator/saprophage of exposed semiaquatic and aquatic nonoperculate snails in diverse moist habitats (40) . Eggs are laid on the shell or on other substrates. Larvae have been reared from five genera of field-collected snails. In the laboratory they feed on additional snail genera, including terrestrial species. Larvae can also develop on dead bivalves (59) . They apparently kill and feed on an ecological assemblage of snail species, not on a particular taxonomic group. Feeding behavior is variable and depends on circumstances. The larvae display parasitoid, predatory, and saprophagous capabilities. Feeding behavior is variable and dependent upon availability of snails, relative sizes of larva and snail, and intraspecific competition. Such labile feeding behavior is typical of many other Sciomyzini and semiterrestrial Tetanocerini, especially during early larval life. Morphologically, the immature stages of A. pubera are typical of the Sciomyzini (e.g., reticulate egg chorion, unpigmented larval integument, ventral body spinules, microscopic interspiracular processes, and barrel-shaped puparia), but larvae share with a few Pherbellia only slightly elongate posterior spiracular disk lobes, indicating adaptation to wet microhabitats (22). Many saprophagous Diptera (including Ephydridae, Phoridae, Piophilidae, and Sarcophagidae) have been reared from snails also containing A. pubera. No other sciomyzid has been reared from snails containing larvae of other families of flies. Such communal feeding might have been typical of ancestral sciomyzids.
Predation
Predatory sciomyzid larvae exhibit a broad range of feeding behaviors, kinds of prey, and associated adaptations.
Freshwater predators. This largest group consists of 74 species in 14 genera, all in Tetanocerini, all in the terminal half of cladograms, occurring in all zoogeographical regions, and all with rather stereotyped larval feeding behavior (see "A Cornucopia for Sciomyzidae and Phaeomyiidae" at http://www.sciomyzidae.info/downloads.php?cat_id=1). Although their behavior and associated adaptations differ somewhat, these larvae are the most overtly rapacious Sciomyzidae. Their prey range in the laboratory is broad (but probably narrower in nature). They attack and kill their prey within a few minutes, feed until gorged, and then rest away from the prey. They kill up to 50 snails of various sizes during the three stadia. They are wasteful predators, killing snails even when their gut is full. Whereas aquatic predaceous Tetanocerini probably evolved from shoreline predators early after divergence from a common stock with the Sciomyzini, they then probably acquired aquatic adaptations and became the basic line from which semiterrestrial and terrestrial Tetanocerini evolved (24). This group includes species that have been the main subjects of controlled laboratory experiments [Ilione albiseta (46, 47), Sepedon fuscipennis (8, 31), S. sphegea (44, 50), S. spinipes (75, 83, 85, 86) , and Tetanocera ferruginea (71) (72) (73) (74) 124) ] (see Laboratory Experimental Studies on Behavior and Development, below).
Terrestrial predators.
A few Sciomyzini and 25 Tetanocerini in eight genera are considered terrestrial predators, although their behavioral, phenological, and morphological adaptations Plesiotypic: describes a given behavior or habitat preference that is ancestral as opposed to derived and their polyphyletic ancestry likely represent several evolutionary lines (7, 24). Major differences and nuances in behavior are especially striking in this group, ranging from outright predation to aspects of parasitoid behavior (e.g., prey limited to a few species from one or two genera, slow death of the prey, and few prey individuals killed), especially during early larval life. Examples in Tetanocerini include four slug-killing Tetanocera species (24), a few Sepedon and Tetanocera parasitoids and predators of succineid snails, truly terrestrial predators such as Tetanocera phyllophora and Trypetoptera punctulata (119) , and some Sciomyzini in Pherbellia, Pteromicra, and Sciomyza (see "A Cornucopia for Sciomyzidae and Phaeomyiidae" at http://www.sciomyzidae.info/downloads.php?cat_id=1).
Evaluation of the life cycles of the highly specialized, apomorphic/apotypic fingernail-clamkilling species (in three unrelated genera), the snail-egg-feeding Anticheta, and the oligochaetefeeding Sepedonella and Sepedon species (all in Tetanocerini) in relation to their (unresolved) positions in cladistic analyses is critical to an evolutionary scenario of feeding behavior in Sciomyzidae.
The taxonomic value, phyletic significance, and functional morphology of sciomyzid eggs, larvae, and puparia have been presented (67) . We summarize here important morphological adaptations of larvae relative to feeding behavior. Feeding behavior of Sciomyzini larvae, which generally feed in a somewhat insidious manner, differs strongly from that of Tetanocerini larvae, which are generally more overt feeders. All Sciomyzini lack accessory teeth below the mouthhook, indicating a less rapacious behavior than in Tetanocerini, in which accessory teeth are present, even in the derived terrestrial species. The ventral arch and pharyngeal sclerite of predatory Tetanocerini are much more expansive than those of Sciomyzini, providing increased area for muscle attachment. Although many larvae, especially Sciomyzini, feed for long periods in decaying, liquefying tissues of hosts/prey, only Salticella fasciata (one of three species of the plesiomorphic Salticellinae) has oral grooves around the mouth opening and ridges in the pharynx flooradaptations common among saprophagous muscoid larvae for filtering microorganisms from decaying animal or plant tissues (66) . Whereas S. fasciata is the only sciomyzid reared to pupariation and emergence solely on dead tissues of nonmolluscs (sowbugs and annelids), its first instars feed as parasitoids or saprophagously in terrestrial snails, and older larvae are strictly saprophagous.
Morphological adaptations to microhabitat limit the hosts/prey available to larvae and thus, to some extent, determine the type of feeding behavior (24, 122). Adaptations of many Tetanocerini to a surface or, rarely, subsurface existence (i.e., elongate last segment with upturned posterior spiracular disk having elongate lobes and interspiracular processes, pigmented integument with sensilla hairs) are lacking in Sciomyzini. The latter have a short last segment with a rear-facing posterior spiracular disk, short lobes on the disk, short interspiracular processes, unpigmented integument, and extensive ventral spinule patches that probably enhance mobility across substrates populated by "stranded" snails. Secondarily terrestrial Tetanocerini larvae (assuming a freshwater existence as the plesiotypic condition) have the same cephalopharyngeal skeleton features as do aquatic species but resemble Sciomyzini in having a short last segment with a rear-facing posterior spiracular disk, short lobes on the disk, short interspiracular processes, and colorless integument but no ventral spinule patches.
The 26 behaviorally, morphologically, and phenologically diverse reared species of Tetanocera (the fourth largest genus, with 39 species) are among the biologically best-known Sciomyzidae and have been the subjects of many experimental and life cycle studies (see "A Cornucopia for Sciomyzidae and Phaeomyiidae" at http://www.sciomyzidae.info/downloads.php?cat_id=1). With a phylogeny (from a cladistic analysis of molecular characters) as a framework, analyses of the morphological features and microhabitats of 17 Tetanocera species suggested the freshwater habitat as the ancestral condition for the genus, with at least three parallel transitions to terrestrial habitat and one reversal (24). Hosts/prey, feeding behavior, and phenology were not included in the analyses, but the evolution of microhabitat selection delimited available hosts/prey and associated adaptations in feeding behavior and phenology.
PHENOLOGY
Diverse phenological adaptations are associated with macrohabitats and microhabitats, hosts/prey, and feeding behavior. More species have been analyzed from cool temperate latitudes of North America than from elsewhere; five groups of voltinism and overwintering were proposed, as listed below (20 No sciomyzid has a life cycle lasting much more than one year, although in a few species, members of a cohort (i.e., larvae developing from eggs laid on the same day during autumn) may include individuals that overwinter either in the puparium or as adults, and some of these overwintering adults possibly live a few months more than a year. The capture, marking, and release of a female Sepedon fuscipennis in Ithaca, New York, during August and her recapture in a reproductively active condition the following May (2) indicate a life cycle slightly longer than one year.
Berg et al. (20) summarized that most multivoltine species overwinter in puparia and that some overwinter as adults, whereas univoltine species overwinter as embryonated eggs, partly grown larvae, or in puparia. They concluded that multivoltinism with overwintering in the puparium is the most common and widespread phenology and that some species, especially some in Group 5, are labile and develop seasonally in alternative ways. Puparia of many aquatic and semiaquatic predatory species in cold-winter areas that eventually produce adults are often found at the surface during periods of ice melt during winter. Puparia of most species apparently survive freezing in the ice cover.
Many semiaquatic and terrestrial univoltine and multivoltine Sciomyzini form puparia in the host/prey shell. This behavior, especially in Pherbellia that produce a calcareous septum occluding the aperture, might be an adaptation for overwintering as well as for protection, the shell serving perhaps as a cocoon. In regions with cold winters, many species that overwinter as adults, e.g., most Sepedon and Elgiva and some Pherbellia in southern parts of their ranges, are active on warm days during winter. Their apparent "basking" behavior likely raises their metabolic rate.
Stereotyped phenology characterizes aquatic and semiaquatic predators in tropical and warm areas. They appear to be multivoltine, with a variable number of generations (perhaps 4-12) per year that are not discrete but are successive and overlapping. In laboratory rearings they show no indication of diapause, develop promptly, have a short preoviposition period, a long oviposition period, and short egg, larval, and pupal periods. Similarly behaving species from warm areas of the Neotropical, Afrotropical, and Oriental regions have been consigned to a separate group, Group 6 (67). A few temperate-zone New Zealand and Neotropical species also seem to fit into Group 6.
LABORATORY EXPERIMENTAL STUDIES ON BEHAVIOR AND DEVELOPMENT
Many aspects of Sciomyzidae have been studied experimentally, primarily in the laboratory and to a lesser extent in the field, but on relatively few species. We focus on laboratory experiments on key aspects of behavior and development conducted mostly under at least partially controlled conditions. Other aspects studied experimentally include the impacts of molluscicides on larvae (81), natural enemies of sciomyzids (57, 95) , use of a salivary gland toxin by larvae to immobilize their prey (116) , mass rearing potential (88) , thermal constants (137) , numerical responses (123) , and coefficient of food for larval growth and energy gain (31) .
Experimental conditions, especially water depth, varied significantly among studies. Although benchtop life cycle investigations conducted under ambient conditions might be considered experiments, we consider most of the results to be observations only. Such life cycle studies have often included simple short-term experiments resulting in conclusions that should be investigated further with current methods. Results of almost all experimental studies were reviewed recently (67) , but the authors did not synthesize most research results to derive possibly new outcomes or to resolve conflicting conclusions. Among aquatic predators, the best studied are the multivoltine T. ferruginea (Holarctic), Sepedon senex (Oriental), S. sphegea and S. spinipes (Palearctic), and S. fuscipennis (Nearctic); the univoltine Ilione albiseta (Palearctic); and among terrestrial parasitoids/predators the multivoltine Pherbellia schoenherri schoenherri and the univoltine Salticella fasciata, Euthycera spp. (all Palearctic), and Sciomyza varia (Nearctic), a parasitoid on aestivating Lymnaea snails.
Oviposition by several terrestrial and some semiterrestrial species appears to be triggered by various factors including number of available prey (123) , size and maturity of suitable hosts (29) , and presence of snail feces (28). Stimulatory cues for aquatic and semiaquatic species are unknown but could be worth researching, given the potential for the development of kairomones to attract potential biocontrols into target areas. During mass-rearing studies, addition of protein, e.g., crushed snails (25), reduced the preoviposition period while increasing the number of eggs laid and adult longevity. Sigmoidal oviposition curves have been described for many insects (55), including some Sciomyzidae (14, 47, 83, 119), and are useful indicators of egg production of wild-caught females, e.g., a curve truncated on the left indicates that oviposition had commenced in nature. Using oviposition data, Haab (50) identified 15
• C as the oviposition threshold temperature for S. sphegea overwintering as nonreproductive adults in France under natural autumn photoperiod (8:16); at 12
• C, no females oviposited. Identifying such threshold temperatures will be useful in the future for matching sciomyzids to climates of areas where inoculative biocontrol programs are planned.
Hatching of submerged eggs of Ilione albiseta is facilitated by low oxygen levels (45). The thermal reaction norm is useful for determining whether an animal is cold or warm adapted (117) . Eggs of the univoltine I. albiseta are significantly cold adapted (100). Cryopreservation of sciomyzid eggs for long-term storage or transportation has received little attention (83) ; there has been some success with other flies (e.g., Musca domestica, 129).
Much experimental research on Sciomyzidae has focused on larvae, the active malacophagous stage. The impact of prey species and prey and larval density on the duration of the larval stage has been elucidated for some aquatic species (Supplemental Figure 6) . The length of time before attacking the first gastropod seems variable for neonate survival (13). Starvation of neonate larvae of S. sphegea adversely affected survival of later instars, pupae, and adults ( Supplemental  Figures 7 and 8) . Survival doubled at 20
• C, 23
• C, and 26
• C when neonate larvae of Sepedon spinipes were fed one snail before starvation (82) , an important finding in terms of release of larvae in biocontrol. However, determining which stage of sciomyzids to release remains a question. Prey searching by first instars tends to be random; efficacy depends on crawling speed, prey density and distribution, and water depth (17, 31, 43). Neonates of some freshwater predators actively pursued prey by following fresh snail mucus trails but not trails aged 45 min (86) (Supplemental Figure 9) . Subsurface foraging is practiced by a few freshwater Tetanocerini (126); I. albiseta larvae use dissolved oxygen (47), but the means of uptake remains unknown.
Many 8, 85, 119, 137) , percentage hatch was greater at lower temperatures, photoperiod manipulation caused T. ferruginea to bypass diapause (124) , and the temperature at which the immature stages were reared influenced the longevity of adults of S. sphegea (Supplemental Table 5 ). The above data are crucial for defining optimum conditions for mass-rearing purposes in biocontrol.
The amount of prey consumed by individual larvae depends on their feeding behavior, relative sizes of larvae and prey, and density of prey and larvae (Supplemental Figure 10) . For strict parasitoids, the larval stage tends to be completed on one host, whatever its size; such larvae rarely forage for additional hosts. For predators attacking aquatic snails, the relationship tends to be size dependent, with neonate larvae killing smaller snails and later instars killing larger snails (42) . In terms of prey density, a strong functional response has been reported, ranging from Type I (second-and third-instar S. senex; 17) to Type II (second-and third-instar S. sphegea; 50) to Type III (third-instar S. senex; 17). Water depth appeared to be insignificant in governing functional response, but the addition of vegetation to experimental arenas increased snail biomass consumed (50) when prey density decreased (Supplemental Figure 11) , apparently because it facilitated snail aggregation at the water surface. Eckblad (31), using equations to predict total number of snails killed per larva in shallow water, found that a simple power function might be more predictive than the predator models of Holling's classic work (53) . At high snail densities, many freshwater predators showed high food conversion ratios when they killed many snails but only partially consumed them (120) . Such wasteful feeding (56) can be related to optimal foraging theory because it might increase the energy-intake rate of predators by enabling them to consume only the most nutritious parts of their prey. Because more prey are killed in this scenario than otherwise, such behavior would be a useful trait in selection of potential biocontrols.
Many studies have investigated prey preference. The first, in regard to freshwater species (91), showed that larvae of 10 species killed only nonoperculate snails, all hosts of Schistosoma and all from outside the geographical range of the sciomyzids studied, thus highlighting their biocontrol potential. Larvae of the freshwater predator T. ferruginea displayed labile feeding behavior depending on the combinations of available snail species (73, 74) . Those larvae chose prey providing the greatest return per unit of energy expended (72) . As with other insects (e.g., Pteromalidae, 26), T. ferruginea displayed a "switching" phenomenon sensu Murdoch (89) . As a measure of predation, biomass consumed (being independent of snail size and number of snails) has been the preferred index to number and sizes of snails killed. Larvae of T. ferruginea consumed more snails but less biomass when offered one prey species but consumed fewer individuals and more biomass when offered multiple prey species; overall they preferred large, sexually mature individuals (71) . As a result, this species might have considerable impact on snail populations in the wild. Because T. ferruginea is one of the best-studied sciomyzids, it should be a priority for biocontrol in temperate areas. Number and biomass of snails consumed daily by S. sphegea also increased with various combinations of temperatures (12
• C-30
• C) and photoperiods (8:16, 12:12, and 16:8) (44, 50). Studies have been conducted on intra-and interspecific competition (15, 16), but limitations include mixing of unlikely ecological equivalents (e.g., species partitioned spatially in different microhabitats) and exclusion of other malacophagous taxa (e.g., Lampyridae). As with some Tephritidae (3), intraspecific competition among the parasitoid P. schoenherri schoenherri (123) and the aquatic predator Sepedon sphegea (44) often resulted in some larvae gaining and maintaining a competitive advantage at the expense of conspecifics (123) . Emerging adults ranged widely in size (44) (Supplemental Figure 12) .
Experimental studies on pupae have focused on sexual dimorphism and overwintering. It is possible to predict the adult sex of Tetanocera ferruginea and Sepedon spinipes adults prior to eclosion Metacommunity: a set of local communities linked by dispersal Biodiversity indicator: group of taxa or functional group whose diversity reflects diversity of other higher taxa in a habitat or set of habitats by measuring puparium length (69) and weight (85), respectively; this method could be used to determine differences in hymenopteran parasitoid load between sexes. Its use also would facilitate establishment of cultures for mass rearing because puparia are more easily manipulated than motile adults are and sex ratios of cultures could be set prior to the emergence of adults. Puparia can be dissected to determine the overwintering stage within (i.e., young or old prepupae, pupae, or pharate adults), and temperature can be manipulated to elucidate their physiological state (i.e., quiescence or true diapause) (20). This area, critical for fine-tuning phenologies for selecting biocontrols and for studying the overall evolution of the family, is in need of further research.
POPULATION BIOLOGY, BIOINDICATORS, ECOSYSTEM SERVICE PROVISION, AND CONSERVATION
Populations of adult Sciomyzidae are found in metacommunities over large areas of similar habitat. Within these macrohabitats are egg, larval, and puparial microhabitats, of which the last two may be sampled by a variety of methods (Supplemental Text 4) . Adults move infrequently within a macrohabitat and between nearby macrohabitats (Supplemental Text 5), but the wide geographical ranges of many sciomyzids suggest broader saltatory movements. Peacock (97) studied the movements of the Nearctic aquatic predator Sepedon fuscipennis using mark-recapture techniques and suggested in his unpublished thesis that movements of adults were more extensive in lotic macrohabitats than in lentic macrohabitats. Restricted movement of Sciomyzidae also has been noted in a number of Palearctic studies (109, 121, 133) . Four mark-recapture studies on Sciomyzidae, two of which concern S. fuscipennis, have been published. Adult populations of approximately 1 (32) and 0.53 (2) flies per m 2 were reported from a backwater habitat and an experimentally flooded area, respectively, in New York, and population estimates of an assemblage of 10 species were as high as 6.08 flies per m 2 in an Irish turlough (temporary karstic lake) (133) . Although the latter estimates are 6-12 times higher than the former estimates, they are consistent with a wider study in Irish turloughs (133, 135) . In a study of an assemblage of sciomyzids (three Sepedon and one Sepedonella species), with emphasis on Sepedon ruficeps (42) , in temporary and permanent freshwater habitats in Bénin, West Africa, the population of S. ruficeps in both habitats peaked three months after maximal rainfall, but adults were present continually in the permanently wet habitat. This was one of the few studies, in addition to those by Eckblad & Berg (32) and Arnold (2) , in which snail and sciomyzid populations were studied simultaneously.
Substantial information has been published on seasonal variation in population sizes of sciomyzids, especially adults, but more precision and variety are needed in sampling methods throughout the year. Mark-recapture was used to illustrate diel fluctuations in a forest population of Trypetoptera punctulata and eight associated species in southern France (118) . High temperatures reduced activity during midday. In a turlough in Ireland, sweep-net collecting showed that five species tended to peak between the end of July and mid-August, although some Tetanocera peaked earlier (133) . In a study on a different turlough, the proportion of individuals of Ilione albiseta captured in two vegetation zones on either side of a hillock shifted seasonally (134) (Supplemental Text 5). The shift was interpreted as an effect of water depth on the temperature at which each subpopulation developed. A succession of population peaks (May/June, July/August, October) was found for 14 species by sweep-net collecting in a temporarily inundated habitat in southern France (125) . The same study showed a peak in species richness in June/July that coincided with a dip in equitability (species evenness), suggesting dominance of one or a few species.
Although scant explicit work has been conducted on Sciomyzidae as biodiversity indicators (94, 103) , sciomyzids often appear in a supporting role in studies of wetlands and forests (Supplemental Text 6). Sciomyzidae as bioindicators may be considered in a normative framework, i.e., in terms of a set of ideal rules as to their selection, verification, and application (87) , and in terms of pragmatic constraints, i.e., ease of collection, ubiquity, taxonomic stability, and availability of literature. The latter factors were considered in a European context, and Sciomyzidae were suggested as an auxiliary group especially suited to wetland habitats (108) . Sciomyzidae were listed along with Chloropidae, Ephydridae, Scathophagidae, and Sphaeroceridae as among the most important families of Diptera in freshwater wetlands in North America in terms of population size and species richness (60) . Microhabitat selectivity and the significant role played in food webs add to the flies' utility as bioindicators. Populations of the relatively sedentary adults display qualitative and quantitative changes in species composition and relative abundance with habitat type, habitat management (e.g., grazing), and hydrology. Species richness and biomass productivity typically are their highest at medium hydroperiods (130, 135) , consistent with the intermediate disturbance hypothesis (132) .
Species lists and faunistic studies can be extremely useful in conservation work, especially in interpreting site history and management factors (110) . Fuzzy-coded habitat-association and species-trait databases are ideal means of integrating expert knowledge and powerful multivariate statistical techniques. Such databases have proven useful for different taxa in a number of ecological contexts (Supplemental Text 7). A similar database being prepared for the European Sciomyzidae will widen their application as ecological bioindicators. Similar projects on the wellknown Nearctic fauna would be useful, but wider sampling and more detailed ecological and basic biological research are needed before such projects can be attempted in Afrotropical, Neotropical, and Oriental regions.
Much interest in ecosystem service provision has resulted from the realization that services provided by nature can no longer be regarded as economic externalities of zero value (30) . The value of insects as dung buriers, pollinators, pest controllers, and food for wildlife has been estimated to be US$57 billion per year in the United States alone (68) . The snail-killing impact of Sciomyzidae has not been included in published assessments of ecosystem services, yet it is well known that dam construction and concomitant environmental change result in expanded distributions of freshwater snails serving as intermediate hosts of flatworms that cause diseases of humans and livestock.
One of the best-known Sciomyzidae faunas is that of Britain and Ireland. Early collation of these records is continually supplemented, with new records regularly reported for both areas (Supplemental Text 8) . Even in such relatively small, well-known faunas, baseline data are lacking on which to judge the importance of conservation of Sciomyzidae. Nevertheless, attempts have been made to list species of greatest concern and to attribute causes of decline of populations (36, 107) (Supplemental Table 6 ). With few invertebrates protected through legislation [no Diptera are listed in Annex II of the European Habitats Directive (34)], the most effective means of conserving Sciomyzidae is probably through the coarse filter of habitat protection. A third approach to conservation, between the fine filter provided by species lists-faunistic studies-and the coarse filter, is the so-called mesofilter of critical ecosystem elements (54) . Many of these elements are not recorded in standard vegetation surveys but are critical to documenting insect communities. Sensitive management for invertebrates can be attained even in the absence of surveys by gross habitat protection (61, 105) . Data on macrohabitat/microhabitat associations and species traits will contribute to adoption of a mesofilter approach to Sciomyzidae conservation and improved use of Sciomyzidae as bioindicators and ecosystem service providers (111) .
IDENTIFICATION AND SYSTEMATICS
Adult sciomyzids are readily recognized by porrect, projecting to slightly decumbent or drooping antennae; parallel to slightly divergent postocellar setae; lack of oral vibrissae; unexposed clypeus; unbroken costal vein without strong setae; vein A 1 + CuA 2 (anal vein) usually reaching the wing margin; and one or more tibiae with a dorsal preapical seta but no medial setae. The ease of identifying live adults of many species in the field or in a vial under the microscope-as well as the sedentary behavior, longevity, and tolerance of both adults and larvae-renders the family ideal for field and laboratory studies.
The most complete source of generic keys to sciomyzid adults and larvae (and to Nearctic and Palearctic puparia) by zoogeographic region, for all regions, is by Knutson & Vala (67) . Also listed therein and in Supplemental Texts 9 and 10 are other publications with keys, primarily to adults, for regions or subregions.
Species-level taxonomy for Sciomyzidae is well developed. Molecular studies of several species complexes are needed, e.g., several so-called subspecies, Holarctic species, the Nearctic Sepedon fuscipennis complex (70) , and many Afrotropical Sepedon species. Taxonomic catalogs are available for all regions (Supplemental Text 11) . The Smithsonian Institution, with 411 species and type specimens of 110 species, holds the most complete, authoritatively identified collection. A world checklist of valid species, with location of type material (in 64 collections in 27 countries), is available (67) .
Sciomyzidae seem well placed in the superfamily Sciomyzoidea (which also includes Coelopidae, Dryomyzidae, Helosciomyzidae, Natalimyzidae, Phaeomyiidae, Ropalomeridae, and Sepsidae) (9, 10, 12, 51, 52, 80, 131), although some authors (e.g., 79) disagree as to which families should be included in Sciomyzoidea and whether the superfamily is monophyletic. We follow McAlpine (80) in considering Lauxanioidea as the sister group to Sciomyzoidea. Using maximum likelihood (ML) and Bayesian (BI) methods, Wiegmann et al. (131) analyzed a comprehensive Diptera data set [>200 taxa; 149 of 157 families; 5 nuclear genes: 7 kilobases with 42 taxa having sequences from 14 nuclear genes, complete mitochondrial genomes (approximately 30 kilobases), and 371 morphological characters]. The analyses recovered a clade for Sciomyzoidea containing six families traditionally classified as Sciomyzoidea + Huttoninidae and Conopidae and the recently described family Natalimyzidae (12). Previously, family status was proposed for the generally recognized sciomyzid subfamily Phaeomyiinae (which then included only three Palearctic Pelidnoptera species, one of which is an obligate parasitoid of millipedes) (49). That placement generally has been followed, with Phaeomyiidae considered the sister group to Sciomyzidae, but a revision of Pelidnoptera that described the new genus Akebono ( Japan) placed both genera in the Phaeomyiinae without discussion (113) . Other segregates, especially the Helosciomyzinae and Huttonininae, have been included in or excluded from the Sciomyzidae by various authors (see Supplemental Table 7) .
Before recent cladistic analyses of genera within Sciomyzidae and Phaeomyiidae (7, 23, 76) (see next section), major works were published on the suprageneric classification of Sciomyzidae (9, 10, 49, 51, 52, 112, 127). Although Steyskal's (112) and Verbeke's (127) papers were not couched in Hennigian (51) cladistic terminology, those authors were well acquainted with and sometimes used Hennigian principles.
Several genera, especially the species-rich worldwide genus Pherbellia, are obviously polyphyletic, and several subgenera in various genera probably should be raised to generic level. Taxonomy of Sciomyzidae lacks rigorous, comparative diagnoses, as pointed out in a major study of Sciomyzidae of the U.S. Morphological studies of immature stages generally support the suprageneric classification based on adults, but systematics research and cladistic analyses of immatures are needed at the generic level. Detailed analyses of character states of features of immature stages are available, with diagnoses at the family, subfamily, and tribe levels (67).
PHYLOGENETICS, MOLECULAR STUDIES, AND EVOLUTIONARY BIOLOGY
Only two family-wide phylogenetic studies of adult Sciomyzidae, and four studies of species within a genus (Protodictya, Sepedonea, Tetanocera, and Thecomyia; see below), have been conducted. The first family-level phylogeny used maximum parsimony (MP), analyzing 38 characters (36 adult, 1 larval morphological, and 1 larval behavioral) scored for the type species of 50 of the 61 genera (76). Seven adult morphological characters were added to those data, the larval characters were removed, and they were reanalyzed with MP (7). Both analyses recovered a monophyletic Salticellinae, Sciomyzini, and Tetanocerini. An MP bootstrap analysis of the former data set revealed that whereas relationships among most genera received relatively low support, relationships were well supported among Sepedon and five related genera that share derived states of eight characters. Most notably, the Sepedon lineage completely lacks a ptilinum (present in all other 42,000 ± Schizophora species) (67) . Studies of individual genera using MP included 21 adult morphological characters scored for all 8 Protodictya species (75), 21 adult morphological characters analyzed to produce a phylogeny for all 12 Thecomyia species (78), and 27 adult morphological characters analyzed for all 13 Sepedonea species (77) . The only published molecular-based phylogenetic study analyzed a concatenated four-gene data set (COI, COII, 16S, 28S; 3,787 characters) of 31 species among nine genera (54 specimens) focusing on Tetanocera, using BI, ML, and MP methods (24).
Five approaches (7, 21, 37, 48, 63) were used to categorize sciomyzids into Behavioral Groups on the basis of commonalities in larval microhabitat (aquatic, damp shoreline, terrestrial), mode of feeding (parasitoid, predator, saprophage), and prey type (freshwater and terrestrial nonoperculate snails, littoral and brackish-water operculate snails, succineid snails, snail eggs, slugs, fingernail clams, oligochaetes) (see Life Cycles, Larval Feeding Behavior, and Associated Adaptations, above). Of these, the ordination analysis by Barker et al. (7) used semistrong, hybrid, multidimensional scaling of 36 egg and larval morphological characters, larval behavior (omitting prey type), and habitat, recognizing nine "Eco-Groups." However, without placement in a phylogenetic context, it cannot be determined whether closely related species in these groupings represent monophyletic lineages or whether feeding behaviors evolved in parallel.
Knutson & Vala (63) mapped their own Behavioral Groups onto the Marinoni & Mathis cladogram (76) , numbering their groups in an evolutionary sequence. Utility of this approach was limited because the cladogram was relatively unresolved and did not estimate species-level evolutionary relationships within genera, but we provide some generalizations on the basis of that effort: (a) Ancestral sciomyzid habitat undoubtedly was terrestrial because Salticellinae and Sciomyzini (the basal lineages in the cladogram) are terrestrial (although some Sciomyzini occur on moist surfaces along terrestrial-aquatic interfaces)-as are all but the most derived members of other families of Sciomyzoidea. (b) Ancestral feeding behavior was likely similar to that of the extant Atrichomelina pubera because both are facultative (parasitoids/predators/saprophages depending upon food availability, level of intraspecific competition, etc.) and both attack assemblages of aquatic and semiaquatic snails in diverse moist habitats. (c) Aquatic habitats were invaded early during the phylogenesis of Tetanocerini (based upon phylogenetic relationships of aquatic and terrestrial Tetanocerini) and occurred multiple times in parallel, once followed by parallel reinvasions of terrestrial habitats, or both.
ML was used to optimize larval habitat onto a molecular phylogeny of Tetanocera (24). Results of this optimization were consistent with the hypothesis that larvae invaded aquatic habitats early during Tetanocerine evolution and that Tetanocera invaded terrestrial habitats multiple times from their aquatic ancestry. The latter study is one of the first to use phylogenetic comparative methods to explore morphological adaptations to both aquatic and terrestrial habitats of insects. Ferrar (37) concluded that sciomyzid "larval morphology is predominantly functional and that larvae show a number of interesting examples of parallel evolution." This hypothesis was examined using the program Discrete R (96) to test for correlated evolution among larval habitat and four larval morphological characters apparently associated with larval habitat (24). (Discrete R uses an ML framework and examines distributions of character states across a phylogeny, testing for potential correlations among two binary characters.) Correlations were significant between transitions in larval habitat (aquatic versus terrestrial) and changes in the states of the four morphological characters. These analyses demonstrated at least three parallel aquatic-to-terrestrial larval habitat transitions in Tetanocera. In each transition, larvae of terrestrials lost pigmentation, and float hairs and ventrolateral lobes of posterior spiracular disks and the last segment became shortened, resulting in a rear-facing spiracular disk (upturned in aquatics). These analyses supported Ferrar's (37) hypothesis regarding the functionality and parallel evolution of larval morphology.
Sciomyzid phylogenetic studies have focused primarily on adult and secondarily on larval morphological characters. One study (24) included molecular characters and, in an ecological context, attempted to reconstruct habitat transitions of ancestral species. As of September 2011, DNA sequence data for only 32 of the 540 sciomyzid species were available from GenBank. Researchers currently are developing molecular phylogenies of Sciomyzidae using a combination of mitochondrial and nuclear genes. A molecular phylogeny that included 61 sciomyzid species in 22 genera was presented (115) . In his PhD dissertation, Chapman (23) presented a molecular phylogeny with 65 sciomyzid species in 22 genera (123 terminal taxa). He optimized feeding group transitions on the phylogeny and found multiple examples of parallel evolution of feeding behaviors within the family. More extensive phylogenetic work on adult and larval morphological and molecular characters, combined with explicit tests of hypotheses related to evolutionary transitions in ancestral species, will provide a more complete understanding of the family as a paradigm for the evolution of parasitoid/predator/saprophage feeding habits along a terrestrial-aquatic ecological gradient.
BIOCONTROL
Researchers have evaluated sciomyzids for use as biocontrols of freshwater snails (Hydrobiidae, Lymnaeidae, and Planorbidae) that serve as obligate intermediate hosts of the flatworm parasites Schistosoma, which cause schistosomiasis of humans and cattle in tropical and subtropical areas (see Supplemental Figure 13 ), and Fasciola, which cause fascioliasis of humans and livestock worldwide. Biocontrol potential has also been studied for two sciomyzids against snail pests of pasture and grain crops in Australia (27). Among reviews of biocontrol of snails and slugs by sciomyzids, that by the malacologist Barker (7) is a particularly valuable analysis of the use of sciomyzids in relation to modern ecological and biocontrol theory.
Advantages of using predatory sciomyzids as biocontrols, by augmentation and/or introduction of exotics, include the following: (a) They are obligate natural enemies of gastropods. Aquatic, predaceous sciomyzids were field tested in a preliminary manner as biocontrols, e.g., through inoculative releases on Hawaii and several other Pacific Islands and augmentative trials in Iran. The first, best-documented inoculative release was of Sepedomerus macropus from Nicaragua into Hawaii (where there are no native sciomyzids) against a liver-fluke host (25). Only a few pupae were shipped to persons inexperienced with sciomyzids but who reared many adults for release. Larvae subsequently have been found feeding on target snails in nature (67) ; the species is established (33) . This trial showed that sciomyzids could be shipped effectively, reared with local expertise and materials, and released effectively and could establish and disperse. In Iran, a native predator, Sepedon sphegea, was mass reared and released as larvae in rice fields against a snail host of Schistosoma (114) .
A three-year study was conducted at six sites in South Africa to determine, in an augmentative approach managed at the rural community level, the value of the endemic Sepedon neavei and S. scapularis against host snails of Schistosoma (1). The authors considered mainly their laboratory results on aspects of predation, prey specificity, prey range, and competition. They projected the cost of operating a mass-rearing facility to treat several foci of transmission to be about US$700 per year (1992 US$), not including salaries. Their study reached Stage 3 b (controlled field trials-effectiveness under local conditions) of the WHO 1984 Plan for Development of Biological Vector Control Agents (136) , the stage of final laboratory tests for indigenous control agents. On the basis of extensive laboratory studies and a brief, preliminary, small-scale field trial (with no evidence that the sciomyzid became established), the authors concluded that S. neavei satisfied most criteria proposed by Samways (104) and WHO (136) for an effective, predaceous biocontrol agent. They also concluded that Sepedon spp. used in large numbers likely would be effective only in shallow transmission foci and as part of an integrated control program.
Efforts to control snail intermediate hosts of flatworms with molluscicides and habitat management waned recently as emphasis shifted toward use of antihelminthic drugs for the vertebratedefinitive hosts. However, interest in Sciomyzidae and other biocontrols of snail intermediate hosts and conservation of sciomyzids as ecosystem service providers likely will grow because of increasing costs of and resistance to antihelminthics (35) . Snail populations are increasing as a result of extensive construction of dams and irrigation systems in many countries. As early as 1972, Bardach (6), reviewing the ecological implications of water resource development projects in the Lower Mekong Valley, noted "there can easily be a sharp rise in schistosomiasis" and at least five other diseases, with snails and mosquitoes being of greatest concern as vectors. In their 2008 analysis of the global burden of schistosomiasis, Finkelstein et al. (38) found the impact of symptoms associated with Schistosoma japonicum to be 7-46 times greater than 1996 estimates (90). In conclusion, field research is needed on sciomyzids as biocontrols, particularly predation levels in natural populations, natural host/prey preferences, hymenopterous parasitoid pressure, numerical and functional response to predation, integrated control methods, and laboratory studies on cryopreservation, acclimatization, and mass rearing.
SUMMARY POINTS
1. Larvae of Sciomyzidae are obligate natural enemies of freshwater, brackish-water, littoral, semiterrestrial, and terrestrial snails, snail eggs, slugs, and fingernail (sphaeriid) clams; three species feed on freshwater oligochaetes.
2. With life cycles known for 240 of 540 species in 41 of 61 genera, Sciomyzidae are a resource for studying the evolution of feeding behavior, as biocontrol agents of gastropods that are intermediate hosts of flatworms that cause diseases of humans and livestock or are agricultural pests, as ecosystem service providers of snail and slug control, and as bioindicators.
3. Characterizations of 15 Behavioral Groups and 6 Phenological Groups provide templates for evolutionary studies and guidelines for further research on life cycles.
4. Focal points of research are coevolved features of larval microhabitat, parasitoid/ predatory/saprophagous feeding behavior, phenology, and morphology of immature stages.
5. Phylogenetic work has focused on adult and larval morphological characters, but some work, notably on Tetanocera, has included molecular characters, and studies have included an ecological context in an attempt to reconstruct habitat transitions of ancestral species.
6. Research is needed to determine hosts/prey in nature, many aspects of natural populations, natural enemies, impact of sciomyzids on gastropod populations in the wild, databases on microhabitats and macrohabitats and species characteristics, priority bioindicators for a range of protected habitats, efficacy of potential biocontrol agents under controlled field trials, cladistic analyses of species and genera including molecular and morphological characters, and internal anatomy of larvae and adults.
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